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Irrigated and Rainfed Agriculture:
Options for Food Production Growth
As already mentioned, world population is expected to reach 7.9 billion by theyear 2025. To support this growing population, food production will needto respond to the growing demand. Increases in production could potentially
come from increases in irrigated agriculture, which currently produces approxi-
mately 40 percent of total cereals, or from increases in rainfed agriculture, which
continues to play an important role in total worldwide agricultural production. This
chapter presents scenarios dealing with future changes in the growth and levels of
investment in both irrigated and rainfed agriculture, along with the impacts these
scenarios may have on production, harvested area, demand, prices, water with-
drawals, and water use. 
INVESTING IN WATER SUPPLY EXPANSION AND 
EFFICIENCY ENHANCEMENT
As earlier chapters have established, irrigation is the dominant user of water account-
ing for 72 percent of global water withdrawals, of which 90 percent is used in devel-
oping countries. Water availability for irrigation competes in many regions, however,
with rapidly increasing nonagricultural water uses in industry, households, and the
environment. A portion of the growing demand for water will be met through new
investments in irrigation and water supply systems and through improved water
management, and some potential exists for the expansion of nontraditional sources
of water supply. However, in many arid or semiarid areas—and seasonally in wet-
ter areas—water is no longer abundant, and the high economic and environmen-
tal costs of developing new water resources impose limits on supply expansion.
Therefore, new supplies may not be sufficient to meet growing demands. As a result,
the role of water withdrawals in irrigated agriculture and food security has received
substantial attention in recent years. Whether water availability for irrigation—
together with feasible production growth in rainfed areas—will provide the food
needed to meet the growing demand and improve national and global food secu-
rity remains a crucial and urgent question for the world. 
Low Infrastructure Investment
The low investment in infrastructure scenario (LINV) explores the impact of
reduced water supply investments on food production. Comparisons between BAU
and LINV in terms of basin efficiency (BE), potential irrigated area, increased reser-
voir storage, and increased maximum allowable surface and groundwater water with-
drawal (SMAWW and GMAWW) are presented in Table 8.1. BE is lower under
LINV than under BAU for all regions, which reduces beneficial crop water con-
sumption by 32 cubic kilometers in the developed world, 147 cubic kilometers in
the developing world, and 179 cubic kilometers worldwide. During 1995–2025
under LINV, reservoir storage increases by 40 percent, SMAWW by 35 percent, and
GMAWW by 41 percent of the comparable BAU increases. 
Global water withdrawals in 2021–25 under LINV increase marginally over
the 1995 levels (8 percent), but are 11 percent lower than BAU levels (Table 8.2).
The increase is larger in developing countries (10 percent) than in developed coun-
tries (3 percent). In contrast, increases over 1995 levels under BAU are 26 percent
in developing countries and 11 percent in developed countries.
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Table 8.1Basin efficiency, reservoir storage, and water withdrawal capacity
under business-as-usual and low investment in infrastructure scenarios,
19952025
19952025 projections
Basin Storage SMAWW GMAWW
efficiency increase (km3) increase (km3) increase (km3)
Region/Country BAU LINV BAU LINV BAU LINV BAU LINV
Asia 0.58 0.55 352 156 545 194 64 24
China 0.60 0.55 157 88 180 52 34 11
India 0.63 0.58 135 48 162 54 18 8
Southeast Asia 0.49 0.48 37 12 93 40 10 4
South Asia 0.50 0.49 12 4 72 31 1 0
Latin America (LA) 0.47 0.45 62 21 107 47 14 8
Sub-Saharan 
Africa (SSA) 0.46 0.44 74 25 68 18 24 10
West Asia/North 
Africa (WANA) 0.73 0.71 81 27 57 24 3 1
Developed countries 0.69 0.66 44 18 155 47 23 9
Developing countries 0.58 0.55 577 231 772 279 104 43
World 0.60 0.57 621 249 926 326 126 52
Source: IMPACT-WATER projections and assessments, 2002.
Notes: BAU indicates the business-as-usual scenario; LINV, the low investment in infrastructure 
scenario; and km3, cubic kilometers.
LINV has significant negative impacts on irrigation water consumption.
Globally it falls by 240 cubic kilometers (16 percent) compared with BAU (Table
8.3). Global consumptive use in all other sectors is also lower under LINV with
decreases of 4 percent for the domestic sector, 3 percent for the industrial sector,
and 5 percent for livestock compared with BAU. The difference between BAU and
LINV once again is greater in developing countries, where irrigation water con-
sumption is 17 percent lower, while developed country consumption is 13 percent
lower than under BAU. Consumption in the other three sectors in Table 8.3 ranges
from 4 to 6 percent lower than BAU in developing countries and from 2 to 3 per-
cent lower in developed countries.
Worldwide irrigated harvested cereal area in 2021–25 falls by 18.8 million
hectares under LINV compared with BAU (Table 8.4), while rainfed harvested cere-
al area under LINV is 8.4 million hectares larger than under BAU. This results in
a global decrease in harvested cereal area of 10.4 million hectares. Irrigated harvested
cereal area under LINV increases only slightly over the 1995 levels, at 5.1 million
hectares over the period. The impact on irrigated area is felt much more in devel-
oping than in developed countries; by 2021–25 LINV results in 9 percent less irri-
gated area in developing countries and 2 percent less in developed countries
compared with BAU.
Irrigated cereal yields under LINV decline slightly compared with BAU.
Globally, irrigated yield declines by 0.2 metric tons per hectare by 2021–25 and by
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Table 8.2Total water withdrawal under business-as-usual and low investment
in infrastructure scenarios, 1995 and 202125 
Total water withdrawal (km3)
1995 202125 projections
baseline
Region/Country estimates BAU LINV
Asia 1,952.7 2,419.8 2,138.9
China 678.8 843.6 729.2
India 674.4 822.0 742.4
Southeast Asia 203.1 278.3 234.8
South Asia excluding India 353.0 416.0 381.3
Latin America (LA) 297.8 402.3 342.4
Sub-Saharan Africa (SSA) 128.4 206.9 150.3
West Asia/North Africa (WANA) 236.1 294.0 260.1
Developed countries 1,144.2 1,271.6 1,182.0
Developing countries 2,761.9 3,480.6 3,043.8
World 3,906.1 4,752.1 4,225.8
Source: IMPACT-WATER assessments and projections, 2002.
Notes: 202125 data are annual averages. BAU indicates the business-as-usual scenario; LINV, the low
investment in infrastructure scenario; and km3, cubic kilometers.
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Table 8.3Consumptive water use by sector under business-as-usual and low
investment in infrastructure scenarios, 202125
Consumptive water use (km3)
Irrigation Domestic Industrial Livestock
Region/Country BAU LINV BAU LINV BAU LINV BAU LINV
Asia 842.2 712.0 146.3 141.0 78.8 75.5 22.9 21.5
China 232.7 186.1 57.7 55.8 31.6 30.4 7.1 6.9
India 338.1 298.9 39.8 38.2 16.2 15.3 7.6 6.9
Southeast Asia 89.8 66.9 29.3 27.8 20.5 19.5 3.9 3.7
South Asia 
excluding India 168.1 150.0 15.8 15.6 4.5 4.5 3.7 3.7
Latin America (LA) 94.7 68.9 30.0 28.8 29.7 28.5 12.1 11.4
Sub-Saharan 
Africa (SSA) 61.6 37.3 22.8 19.6 2.3 2.0 3.9 3.4
West Asia/North 
Africa (WANA) 136.5 115.8 12.8 12.7 8.6 8.5 3.1 3.1
Developed countries 277.7 241.8 68.3 66.5 115.4 112.4 18.0 17.6
Developing countries 1,215.7 1,011.7 214.6 204.7 121.9 117.0 43.3 40.9
World 1,493.4 1,253.4 282.9 271.3 237.2 229.4 61.4 58.4
Source: IMPACT-WATER projections, 2002.
Notes: Data are annual averages. BAU indicates the business-as-usual scenario; LINV, the low 
investment in infrastructure scenario; and km3, cubic kilometers.
Table 8.4Cereal area harvested under business-as-usual and low investment
in infrastructure scenarios, 1995 and 202125
Rainfed harvested area Irrigated harvested area
(million ha) (million ha)
1995 202125 projections 1995 202125 projections
baseline baseline
Region/Country estimates BAU LINV estimates BAU LINV
Asia 136.9 130.2 131.5 152.9 167.7 154.2
China 26.2 29.6 29.8 62.4 66.6 58.7
India 62.3 49.8 50.2 37.8 46.7 42.2
Southeast Asia 29.8 31.5 31.9 19.2 20.3 19.8
South Asia excluding India 5.6 5.6 5.6 19.9 21.0 20.5
Latin America (LA) 41.8 55.0 56.2 7.5 9.8 8.2
Sub-Saharan Africa (SSA) 69.8 95.5 96.9 3.3 4.8 3.4
West Asia/North 
Africa (WANA) 34.0 35.6 36.4 9.8 10.9 9.8
Developed countries 192.1 196.0 199.7 41.8 45.1 44.0
Developing countries 282.2 316.1 320.8 171.3 191.9 174.2
World 474.3 512.1 520.5 213.1 237.0 218.2
Source:  IMPACT-WATER assessments and projections, 2002.
Notes:  202125 data are annual averages. BAU indicates the business-as-usual scenario; LINV, the
low investment in infrastructure scenario; and million ha, million hectares.
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0.3 and 0.1 metric tons per hectare in developed and developing countries, respec-
tively (Table 8.5). Rainfed yield remains the same as under BAU for virtually all
regions. With a decline in irrigated yield and area from lower water use per hectare,
global irrigated cereal production drops by 124.2 million metric tons under LINV
compared with BAU (Table 8.6); irrigated production in developing countries
decreases 12 percent, and in developed countries it decreases 6 percent.
The fall in production results in dramatic price increases for cereals by 2021–25
compared with BAU. Rice prices are the most sensitive to changes in water avail-
ability among the cereals, and increase by 35 percent under LINV (Figure 8.1).
Maize prices are 28 percent higher and wheat prices 25 percent higher under LINV.
The increase in cereal prices raises incentives for expanded rainfed crop area. Rainfed
cereal area increases by 8.4 million metric tons under LINV and production increas-
es by 49.1 million metric tons, partially offsetting the drop in irrigated production
(Tables 8.4 and 8.6). 
The rising food prices projected in these scenarios depress food demand and
worsen food security by widening the food supply and demand gaps for develop-
ing countries. Across the globe, cereal demand is 79.1 million metric tons lower in
2021–25 under the LINV scenario compared with BAU (Table 8.7). The 
Table 8.5Cereal yield under business-as-usual and low investment in infra-
structure scenarios, 1995 and 202125
Rainfed yield Irrigated yield
(mt/ha) (mt/ha)
1995 202125 projections 1995 202125 projections
baseline baseline
Region/Country estimates BAU LINV estimates BAU LINV
Asia 1.7 2.5 2.5 3.2 4.5 4.3
China 3.6 4.6 4.8 4.2 5.9 5.6
India 1.2 1.6 1.7 2.7 3.8 3.8
Southeast Asia 1.6 2.5 2.5 3.1 4.3 4.1
South Asia 
excluding India 1.2 1.9 1.9 2.2 3.3 3.3
Latin America (LA) 2.1 2.9 3.0 4.1 5.5 5.2
Sub-Saharan 
Africa (SSA) 0.8 1.2 1.2 2.2 3.1 3.1
West Asia/North 
Africa (WANA) 1.4 1.8 1.8 3.6 4.9 4.9
Developed countries 3.2 3.9 3.9 4.4 6.0 5.7
Developing countries 1.5 2.1 2.1 3.2 4.5 4.4
World 2.2 2.8 2.8 3.5 4.8 4.6
Source: IMPACT-WATER assessments and projections, 2002.
Notes: 202125 data are annual averages. BAU indicates the business-as-usual scenario; LINV, the low
investment in infrastructure scenario; and mt/ha, metric tons per hectare.
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Figure 8.1—World food prices under business-as-usual and low
investment in infrastructure scenarios, 1995 and 2021–25
Source: IMPACT-WATER projections, 2002.
Notes: Data are annual averages. US$/mt indicates U.S. dollars per metric ton.
Table 8.6Cereal production under business-as-usual and low investment in
infrastructure scenarios, 1995 and 202125
Rainfed production Irrigated production
(million mt) (million mt)
1995 202125 projections 1995 202125 projections
baseline baseline
Region/Country estimates BAU LINV estimates BAU LINV
Asia 232.6 320.2 331.1 493.3 755.3 668.4
China 94.0 137.4 141.7 263.6 391.6 331.6
India 74.6 81.4 84.7 100.3 178.3 160.1
Southeast Asia 47.9 77.8 80.3 58.5 86.6 80.4
South Asia excluding India 6.9 10.6 10.8 43.6 68.9 66.8
Latin America (LA) 86.4 160.6 168.7 30.6 53.4 43.0
Sub-Saharan Africa (SSA) 59.2 114.1 119.5 7.0 14.7 10.6
West Asia/North 
Africa (WANA) 47.5 62.3 65.4 34.9 53.0 47.7
Developed countries 608.3 761.6 783.2 185.6 269.1 252.7
Developing countries 425.0 656.3 683.9 556.7 869.1 761.3
World 1,033.3 1,418.0 1,467.1 742.3 1,138.2 1,014.0
Source: IMPACT-WATER assessments and projections, 2002.
Notes: 202125 data are annual averages. BAU indicates the business-as-usual scenario; LINV, the low
investment in infrastructure scenario; and million mt, million metric tons.
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majority of this decrease is in developing countries—68.1 million metric tons com-
pared with 11.1 million metric tons in developed countries. Net cereal imports into
developing countries increase by an average of 16 million metric tons per year
under LINV during 2021–25 (Figure 8.2). At local and regional levels, these price
increases could significantly affect poor consumers in developing countries by
reducing their incomes and increasing malnutrition given many poor consumers
spend a large part of their income on food. Higher international prices also have
national level effects because poor countries allocate increasing resources to import
large portions of their food. 
GETTING MORE FROM RAINFED AGRICULTURE
While irrigation is important in many parts of the world, further expansion of rain-
fed agriculture will also be crucial to future agricultural growth. Emphasizing
increased yields rather than expanding harvested area in rainfed agriculture is essen-
tial in most of the world because many environmental problems can develop from
further expansion of rainfed production into marginal areas. Biodiversity losses can
develop from the clearing of areas for agriculture as many native plants may be lost,
and disease and pest problems may also develop through ecosystem alterations. Soil
erosion is a particular concern in marginal areas such as hillsides and arid areas where
agricultural expansion often occurs in the developing world. Three primary ways
to enhance rainfed cereal yields without expanding harvested area are examined in
Table 8.7Cereal demand under business-as-usual and low investment in
infrastructure scenarios, 1995 and 202125
Cereal demand (million mt)
1995 202125 projections
baseline
Region/Country estimates BAU LINV
Asia 794.3 1,205.3 1,161.1
China 375.0 571.9 553.9
India 171.3 268.5 256.3
Southeast Asia 113.5 172.9 166.4
South Asia excluding India 54.9 98.6 92.5
Latin America (LA) 137.4 231.0 220.4
Sub-Saharan Africa (SSA) 78.4 158.8 149.4
West Asia/North Africa (WANA) 120.2 196.6 191.3
Developed countries 686.4 794.2 783.1
Developing countries 1,092.2 1,754.4 1,686.3
World 1,778.6 2,548.5 2,469.4
Source: IMPACT-WATER assessments and projections, 2002.
Notes: 202125 data are annual averages. BAU indicates the business-as-usual scenario; LINV, the low
investment in infrastructure scenario; and million mt, million metric tons.
this section including increasing effective rainfall use through improved water man-
agement, particularly water harvesting; increasing crop yields in rainfed areas
through agricultural research; and reforming policies and increasing investments in
rainfed areas. 
These methods are represented by the following scenarios, developed to deter-
mine the contribution of rainfed agriculture to total food production under low lev-
els of irrigation development and water supply investment. 
1) The no improvement in effective rainfall use scenario (NIER), which assumes
no improvement in effective rainfall use, compared with the 3–5 percent
increase in effective rainfall use assumed under BAU.
2) The low investment in infrastructure but higher increase of rainfed area and
yield scenario (LINV-HRF), which adds the dimension of high increases in
rainfed area and yield to the LINV scenario discussed above. To examine the
potential for rainfed production growth to compensate the effect of reductions
in irrigated area and irrigation water supply, we assume that rainfed area and
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Figure 8.2—Net cereal trade under business-as-usual and low
investment in infrastructure scenarios, 1995 and 2021–25
Source: IMPACT-WATER assessments and projections, 2002.
Notes: 2021–25 data are annual averages. Negative net trade indicates imports.
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yield increase to levels that can almost offset the reduction of irrigated pro-
duction and maintain essentially the same international trade prices. A larger
increase is assigned to rainfed yield than area (because of limited potential for
area expansion), and a larger increase is assigned to those basins, countries, or
regions where irrigation effects are greater. 
3) The low investment in infrastructure  but high increase of effective rainfall use
scenario (LINV-HIER) looks at the possibility of increasing effective rainfall
use to counteract the reduction of irrigated production resulting from low
investment in irrigation development and water supply. Effective rainfall use
gradually increases by 10–15 percent above 1995 levels from 1995 to 2025 in
those basins/countries with rainwater shortages for crop production, including
river basins in the western United States, northern and western China, north-
ern and western India, and West Asia and North Africa (WANA). An increase
of 5–10 percent is projected for other regions.
Water Harvesting
Water harvesting can increase effective rainfall use by concentrating and collecting
rainwater from a larger catchment area onto a smaller cultivated area. The runoff
can either be diverted directly and spread on the fields or collected in some way to
be used at a later time. Water harvesting techniques include external catchment sys-
tems, microcatchments, and rooftop runoff collection, the latter of which is used
almost exclusively for nonagricultural purposes. External catchment water harvest-
ing involves the collection of water from a large area a substantial distance from
where crops are being grown. Types of external catchment systems include runoff
farming, which involves collecting runoff from the hillsides onto flat areas, and
floodwater harvesting within a streambed using barriers to divert stream flow onto
an adjacent area, thus increasing infiltration of water into the soil. Microcatchment
water harvesting methods are those in which the catchment area and cropped area
are distinct but adjacent to each other. Some specific microcatchment techniques
include contour or semicircular bunds, and meskat-type systems in which the
cropped area is immediately below the catchment area that has been stripped of veg-
etation to increase runoff. (See Rosegrant et al. 2002 for a more extensive discus-
sion of these methods).
While many water harvesting case studies and experiments have shown increas-
es in yield and water use efficiency on experimental plots and some individual farms,
it is not clear whether the widespread use of these technologies is feasible.
Construction and maintenance costs of water harvesting systems, particularly the
labor costs, are very important in determining whether a technique will be widely
adopted at the individual farm level. The initial high labor costs of building the water
harvesting structure often provide disincentives for adoption (Tabor 1995). The ini-
tial labor costs for construction generally occur in the dry season when labor is
cheaper but also scarce given worker migration; maintenance costs, on the other
hand often occur in the rainy season when labor costs are higher because of com-
petition with conventional agriculture. Thus, while many case studies of water har-
vesting methods show positive results, these methods have yet to be widely adopted
by farmers. Some projects may require inputs that are too expensive for some farm-
ers to supply. In addition, many farmers in arid or semi-arid areas do not have the
manpower available to move the large amounts of earth necessary in some of the
larger water harvesting systems.
In addition to water harvesting, the use of improved farming techniques has
been suggested to help conserve soil and make more effective use of rainfall.
Conservation tillage measures such as minimum till and no till have been tested in
some developing countries. Precision agriculture, which has been used in the United
States, has also been suggested for use in developing countries. Along with research
on integrated nutrient management, applied research to adapt conservation tillage
technologies for use in unfavorable rainfed systems in developing countries could
have a large positive impact on local food security and increased standards of 
living.
Agricultural Research to Improve Rainfed Cereal Yields
A common perception is that rainfed areas did not benefit much from the Green
Revolution, but breeding improvements have enabled modern varieties to spread
to many rainfed areas. Over the past 10–15 years most of the area expansion
through use of modern varieties has occurred in rainfed areas, beginning first with
wetter areas and proceeding gradually to more marginal ones (Byerlee 1996). In the
1980s, modern varieties of the major cereals spread to an additional 20 million
hectares in India, a figure comparable to adoption rates at the height of the Green
Revolution (1966–75). Three quarters of the more recent adoption took place on
rainfed land, and adoption rates for improved varieties of maize and wheat in rain-
fed environments are approaching those in irrigated areas (Byerlee 1996).
Although adoption rates of modern varieties in rainfed areas are catching up
with irrigated areas, the yield gains in rainfed areas remain lower. The high hetero-
geneity and erratic rainfall of rainfed environments make plant breeding a difficult
task. Until recently, potential cereal yield increases appeared limited in the less
favorable rainfed areas with poor soils and harsh environmental conditions.
However, recent evidence shows dramatic increases in yield potential in even
drought-prone and high temperature rainfed environments. For example, the yield
potential for wheat in less favorable environments increased by more than 2.5 per-
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cent per year between 1979 and 1995, far higher than the rates of increase for irri-
gated areas (Lantican and Pingali 2002). A change in breeding strategy to directly
target rainfed areas, rather than relying on “spill-in” from breeding for irrigated areas
was a key to this faster growth.
Both conventional and nonconventional breeding techniques are used to
increase rainfed cereal yields. Three major breeding strategies include research to
increase harvest index, plant biomass, and stress tolerance (particularly drought
resistance). The first two methods increase yields by altering the plant architecture,
while the third focuses on increasing the ability of plants to survive stressful envi-
ronments. The first of these may have only limited potential for generating further
yield growth because of physical limitations, but considerable potential exists in the
latter two. For example the “New Rice for Africa,” a hybrid between Asian and
African species, was bred to fit the rainfed upland rice environment in West Africa.
It produces over 50 percent more grain than current varieties when cultivated in tra-
ditional rainfed systems without fertilizer. In addition to higher yields, these vari-
eties mature 30–50 days earlier than current varieties and are far more disease and
drought tolerant than previous varieties (WARDA 2000).
If agricultural research investments can be sustained, the continued application
of conventional breeding and the recent developments in nonconventional breed-
ing offer considerable potential for improving cereal yield growth in rainfed envi-
ronments. Cereal yield growth in farmers' fields will come both from incremental
increases in the yield potential in rainfed and irrigated areas and from improved stress
resistance in diverse environments, including improved drought tolerance (togeth-
er with policy reform and investments to remove constraints to attaining higher yield
potential, as discussed in the next section). The rate of growth in yields will be
enhanced by extending research both downstream to farmers and upstream to the
use of tools derived from biotechnology to assist conventional breeding, and, if con-
cerns over risks can be solved, to the use of transgenic breeding.
Participatory plant breeding plays a key role for successful yield increases
through genetic improvement in rainfed environments (particularly in dry and
remote areas). Farmer participation in the very early stages of selection helps to fit
the crop to a multitude of target environments and user preferences (Ceccarelli,
Grando, and Booth 1996; Kornegay, Beltran, and Ashby 1996). Participatory plant
breeding may be the only possible type of breeding for crops grown in remote
regions, where a high level of diversity is required within the same farm, or for minor
crops that are often neglected by formal breeding (Ceccarelli, Grando, and Booth
1996). 
To assure effective breeding for high stress environments, the availability of
diverse genes is essential. It is therefore important that the tools of biotechnology,
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such as marker-assisted selection and cell and tissue culture techniques, be employed
for crops in developing countries, even if these countries stop short of true trans-
genic breeding. To date, however, application of molecular biotechnology has been
limited to a small number of traits of interest to commercial farmers, mainly devel-
oped by a few life science companies operating at a global level. Very few applica-
tions with direct benefits to poor consumers or to resource-poor farmers in
developing countries have been introduced—although the New Rice for Africa
described above may pave the way for future use of biotechnology tools to aid breed-
ing for breakthroughs beneficial to production in developing countries. Much of
the science and many tools and intermediate products of biotechnology are trans-
ferable to solve high priority problems in the tropics and subtropics, but it is gen-
erally agreed that the private sector will not invest sufficiently to make the needed
adaptations in these regions. Consequently, national and international public sec-
tors will have to play a key role in the developing world, mainly by accessing pro-
prietary tools and products from the private sector. However, there has been little
detailed analysis of the incentives and mechanisms by which such public-private
partnerships can be realized (Byerlee and Fischer 2000).
Policy Reform and Infrastructure Investment in Rainfed Areas
Cereal yields can also be increased through improved policies and increased invest-
ment in areas with exploitable yield gaps (the difference between the genetic yield
potential and actual farm yields). Such exploitable gaps may be relatively small in
high intensity production areas such as most irrigated areas, where production
equal to 70 percent or more of the yield gap is achieved (Cassman 1999). However,
with yield potential growing significantly in rainfed environments exploitable yield
gaps are considerably higher in rainfed areas, because remoteness, poor policies, and
a lack of investments have often isolated these regions from access to output and
input markets, so farmers face depressed prices for their crops and high prices or
lack of availability of inputs. Riskier soil and water conditions in less favorable areas
also depress yields compared with their potential.
Emerging evidence shows that the right kinds of investments can boost agri-
cultural productivity far more effectively than previously thought in many less-
favored lands. Increased public investment in many less-favored areas may have the
potential to generate competitive, if not greater, agricultural growth on the margin
than comparable investments in many high-potential areas, and could have a greater
impact on the poverty and environmental problems of the less-favored areas in
which they are targeted (Hazell, Jagger, and Knox 2000). Although rainfed areas dif-
fer greatly from region to region based on the physical and climatic characteristics
of the area, certain development strategies may commonly work in many rainfed
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areas. Key strategies include the improvement of technology and farming systems,
ensuring equitable and secure access to natural resources, ensuring effective risk man-
agement, investment in rural infrastructure, providing a policy environment that
doesn't discriminate against rainfed areas, and improving the coordination among
farmers, NGOs, and public institutions (Rosegrant and Hazell 2000). 
Improvements in Rainfed Agriculture
Changes in rainfed yields through improved water management, advancements in
agricultural research, and policy reform affect water use and crop production as well
as overall contributions of irrigated and rainfed agriculture to total food production.
The future outlook for water and food is dependent on policy and investment deci-
sions on agricultural research, irrigation, water supply infrastructure, and other
water resource investments, as well as the pace of water demand management
improvement and farmers' decisions regarding onfarm management and adoption
of new technologies. But what would happen if improvements in effective rainfall
use lagged, or there were significant cutbacks in irrigation development and water
supply investments? Could more rapid growth in rainfed crop production com-
pensate for reductions in irrigation and water supply investment compared with
BAU? Through alternative scenarios, we explore the impacts of these changes and
other modifications in policy, technology, and investment.  
Rainfed Agriculture Scenario Results
The three scenarios discussed here illustrate the impacts of low irrigation investments
and different levels of effective rainfall use and rainfed area and yield on water use
and crop production. The amount of irrigation water used under NIER is the same
as that used under BAU (Table 8.3). Irrigation water consumption under the two
scenarios with improved rainfed agriculture (LINV-HRF and LINV-HIER) declines
by 16 percent (240 cubic kilometers) compared with BAU.
The cultivated area using irrigated and rainfed harvesting techniques differs
among the three scenarios as well. The amount of rainfed harvested area under
NIER is 17.2 million hectares less than under BAU, which has a greater increase in
effective rainfall use (Table 8.8). The majority of this decline occurs in developed
countries. However, in the low investment in irrigation development and water sup-
ply scenarios (again, LINV-HRF and LINV-HIER), an increase in rainfed harvested
area occurs. Compared with BAU, this increase is 10.1 million hectares under
LINV-HRF, and 27.2 million hectares under LINV-HIER. A slight majority of this
area increase occurs in developing countries for both LINV-HRF and LINV-HIER.
Rainfed yields increase under both LINV-HRF and LINV-HIER compared
with BAU (Table 8.9). The largest increase in global rainfed yield occurs under
LINV-HRF (11 percent). LINV-HIER produces a somewhat smaller increase (3
percent). With no improvement in effective rainfall use (NIER) rainfed yields
decline by 1 percent compared with BAU, while irrigated yields increase slightly.
Total cereal production decreases under NIER by 41 million metric tons com-
pared with BAU (rainfed production reduces by 59 million metric tons, partially
offset by an increase of 18 million metric tons in irrigated areas through higher cere-
al prices). The reduction of rainfed cereal production is most significant in China,
Latin America (LA), Sub-Saharan Africa (SSA), and WANA, where decreases are
in the 3–5 percent range (Table 8.10). All these regions have large areas of low rain-
fall rainfed cereal production. The worldwide share of rainfed cereal production
declines slightly from 56 percent under BAU to 54 percent under NIER.
Under LINV-HRF, increasing rainfed area and yield can offset low irrigation
and water supply investment globally, although some specific regions may not be
able to increase production enough to compensate the loss in irrigated area (see Box
8.1). Worldwide, this scenario estimates a net increase of 34 million metric tons of
cereal production compared with BAU. China, however, is unable to increase rain-
fed production enough to offset the irrigated production decline because the 
Table 8.8Rainfed and irrigated cereal area harvested under various scenar-
ios, 202125
Rainfed area (million ha) Irrigated area (million ha)
LINV- LINV- LINV- LINV-
Region/Country BAU NIER HRF HIER BAU NIER HRF HIER
Asia 130.2 126.0 137.1 138.2 167.7 168.2 160.2 161.5
China 29.6 28.4 31.8 31.2 66.6 66.8 60.1 60.4
India 49.8 48.8 51.7 51.9 46.7 46.8 46.4 46.8
Southeast Asia 31.5 30.2 32.8 33.5 20.3 20.3 20.1 20.4
South Asia 
excluding India 5.6 5.6 6.1 5.6 21.0 21.1 20.7 20.9
Latin America (LA) 55.0 53.4 55.5 59.8 9.8 9.8 8.9 9.0
Sub-Saharan 
Africa (SSA) 95.5 95.4 94.9 96.7 4.8 4.8 3.7 3.7
West Asia/North 
Africa (WANA) 35.6 34.1 36.0 36.6 10.9 10.8 10.1 10.3
Developed countries 196.0 186.1 198.7 208.2 45.1 45.6 43.8 44.0
Developing countries 316.1 308.8 323.4 331.1 191.9 192.3 181.6 183.0
World 512.1 494.9 522.2 539.3 237.0 237.9 225.4 227.0
Source: IMPACT-WATER projections, 2002.
Notes: Data are annual averages. BAU indicates the business-as-usual scenario; NIER, the no improve-
ment in effective rainfall use scenario; LINV-HRF, the low investment in irrigation development and
water supply but high increases in rainfed area and yield scenario; LINV-HIER, the low investment in
irrigation development and water supply but high increase of effective rainfall use scenario; and mil-
lion ha, million hectares.
190 ROSEGRANT, CAI, AND CLINE
IRRIGATED AND RAINFED AGRICULTURE: OPTIONS FOR FOOD PRODUCTION GROWTH 191
dominant share of total cereal harvested area is irrigated. In developed countries, irri-
gated production is less affected by low irrigation investment, so those countries can
make up for the developing country decrease through increased rainfed production.
Under LINV-HRF, developed country irrigated production declines by 27 million
metric tons, while rainfed production increases by 80 million metric tons. The share
of rainfed production increases significantly to 62 percent globally, 51 percent in
developing countries, and 78 percent in developed countries, compared with 56,
43, and 74 percent respectively under BAU (Table 8.11).
While increases in rainfed area and yield may be able to offset reductions in irri-
gation investments, results under LINV-HIER show that the projected increase in
effective rainfall water use cannot fully compensate the irrigation decline because
of the low investment in irrigation development and water supply. Although glob-
al rainfed cereal production under LINV-HIER is 126 million metric tons more
than that under BAU, total net cereal production is 5 million metric tons lower. In
developing countries, the net decrease in overall production is 42 million metric
tons. Although there is no reliable data to justify the potential increase of effective
rainfall use in various regions of the world, we think the very large projected increase
under LINV-HIER would be difficult, if not impossible, to achieve. As under
LINV-HRF, the share of rainfed production also increases under LINV-HIER,
Table 8.9Rainfed and irrigated cereal yield under various scenarios, 202125
Rainfed yield (mt/ha) Irrigated yield (mt/ha)
LINV- LINV- LINV- LINV-
Region/Country BAU NIER HRF HIER BAU NIER HRF HIER
Asia 2.46 2.47 2.96 2.49 4.50 4.56 4.05 4.13
China 4.65 4.63 5.36 4.67 5.88 5.97 5.33 5.43
India 1.63 1.65 1.99 1.68 3.82 3.86 3.43 3.49
Southeast Asia 2.47 2.50 2.98 2.54 4.27 4.30 3.88 3.95
South Asia 
excluding India 1.92 1.83 2.51 1.99 3.28 3.32 3.09 3.15
Latin America (LA) 2.92 2.92 3.13 3.08 5.46 5.53 4.85 4.92
Sub-Saharan 
Africa (SSA) 1.19 1.16 1.22 1.30 3.08 3.14 2.95 2.99
West Asia/North 
Africa (WANA) 1.75 1.73 1.93 1.89 4.86 4.85 4.55 4.61
Developed countries 3.89 3.88 4.24 3.95 5.97 6.04 5.54 5.59
Developing countries 2.08 2.06 2.36 2.18 4.53 4.58 4.09 4.16
World 2.77 2.75 3.07 2.86 4.80 4.86 4.37 4.43
Source: IMPACT-WATER projections, 2002.
Notes: Data are annual averages. BAU indicates the business-as-usual scenario; NIER, the no improve-
ment in effective rainfall use scenario; LINV-HRF, the low investment in irrigation development and
water supply but high increases in rainfed area and yield scenario; LINV-HIER, the low investment in
irrigation but high increase of effective rainfall use scenario; and mt/ha, metric tons per hectare.
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Table 8.11Proportion of rainfed cereal production under various scenarios,
202125
Proportion of rainfed production (%)
Region/Country BAU NIER LINV-HRF LINV-HIER
Asia 29.8 28.8 38.4 34.1
China 25.9 24.9 34.7 30.8
India 31.3 30.9 39.3 34.7
Southeast Asia 47.3 46.6 55.7 51.2
South Asia excluding India 13.8 12.5 19.0 14.3
Latin America (LA) 75.2 74.3 80.2 80.7
Sub-Saharan Africa (SSA) 88.4 88.1 91.3 92.0
West Asia/North Africa (WANA) 53.9 52.7 60.3 59.5
Developed countries 73.9 72.4 77.7 77.0
Developing countries 43.0 41.9 50.7 48.7
World 55.5 54.0 62.0 60.5
Source:  IMPACT-WATER projections, 2002.
Notes: Data are annual averages. BAU indicates the business-as-usual scenario; NIER, the no
improvement in effective rainfall use scenario; LINV-HRF, the low investment in irrigation development
and water supply but high increases in rainfed area and yield scenario; and LINV-HIER, the low invest-
ment in irrigation development and water supply but high increase of effective rainfall use scenario.
Table 8.10Rainfed and irrigated cereal production under various scenarios,
202125
Rainfed production (million mt) Irrigated production (million mt)
LINV- LINV- LINV- LINV-
Region/Country BAU NIER HRF HIER BAU NIER HRF HIER
Asia 320 311 405 344 755 767 649 666
China 137 132 170 146 392 398 320 328
India 81 81 103 87 178 181 159 164
Southeast Asia 78 76 98 85 87 87 78 81
South Asia 
excluding India 11 10 15 11 69 70 64 66
Latin America (LA) 161 156 174 184 53 54 43 44
Sub-Saharan 
Africa (SSA) 114 111 115 126 15 15 11 11
West Asia/North 
Africa (WANA) 62 59 70 69 53 53 46 47
Developed countries 762 723 842 822 269 275 242 246
Developing countries 656 636 763 722 869 881 742 761
World 1,418 1,359 1,605 1,544 1,138 1,156 985 1,007
Source: IMPACT-WATER projections, 2002.
Notes: Data are annual averages. BAU indicates the business-as-usual scenario; NIER, the no improve-
ment in effective rainfall use scenario; LINV-HRF, the low investment in irrigation development and
water supply but high increases in rainfed area and yield scenario; LINV-HIER, the low investment in
irrigation development and water supply but high increase of effective rainfall use scenario; and mil-
lion mt, million metric tons.
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Box 8.1Irrigated and rainfed production in select-
ed water scarce basins
Low investment in irrigation leads to declining water withdrawals, irriga-
tion water supply reliability (IWSR), and relative irrigated yields in water
scarce areas.  Compared with BAU, water withdrawals decline by 5 percent
in the Haihe, 15 percent in the Yellow, 13 percent in the Indus, and 7 per-
cent in the Ganges river basins under LINV, and 9 percent in Egypt.
IWSR also declines somewhat in all of the water scarce areas under LINV,
ranging from 18 percent in the Yellow River basin to 6 percent in the
Ganges River basin compared with BAU. Relative irrigated cereal yields
also decline under each of the low investment in irrigation scenarios, with
the greatest drops occurring under LINV-HRF and LINV-HIER.  These
reductions in irrigated cereal yields lead to decreased irrigated cereal pro-
duction across the low investment scenarios.
The LINV-HRF and LINV-HIER scenarios attempt to compensate for
the loss in irrigated production by increasing rainfed production through
higher rainfed yield and area growth and greater improvements in rainfall
harvesting.  Under these scenarios, relative rainfed yields and the contribu-
tion of rainfed crops to total production increase compared with BAU.
However, because of low rainfall, it is impossible to compensate for the
irrigated production loss in Egypt under LINV-HRF and LINV-HIER
because most of its cropland is irrigated. In the Haihe basin, cereal produc-
tion is higher under LINV-HRF than under BAU, while production
declines in the remaining water-scarce basins. Production is projected to
decrease 5 percent in the Yellow, 10 percent in the Indus, and 3 percent in
the Ganges River basins, and 10 percent in Egypt. Under LINV-HIER,
none of the basins or countries is able to produce enough additional food
from rainfed agriculture to compensate for the irrigated production loss
from low irrigation and water supply investment. Compared with BAU,
cereal production declines by 3 percent in the Haihe, 7 percent in the
Yellow, 12 percent in the Indus, and 7 percent in the Ganges River basins,
and 7 percent in Egypt. It is clear from these results that irrigation is criti-
cal in these basins and countries, and additional contributions from rainfed
agriculture may be effective but the impacts will not be enough to offset
the loss in irrigated cereal production. Production shifts toward higher-val-
ued, less water intensive crops could help to reduce the negative impacts on
farmers in these water scarce basins.
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Table 8.12World food prices under various scenarios, 202125
World food prices (US$/mt)
Region/Country BAU NIER LINV-HRF LINV-HIER
Rice 235 247 232 276
Wheat  122 140 113 126
Maize 106 120 100 108
Other coarse grains 83 100 74 79
Source:  IMPACT-WATER projections, 2002.
Notes: Data are annual averages. BAU indicates the business-as-usual scenario; NIER, the no improve-
ment in effective rainfall use scenario; LINV-HRF, the low investment in irrigation development and
water supply but high increases in rainfed area and yield scenario; LINV-HIER, the low investment in
irrigation development and water supply but high increase of effective rainfall use scenario; and
(US$/mt), U.S. dollars per metric ton.
although to a lesser degree. Globally, the percentage of rainfed production increas-
es by 5 percent, with increases of 6 and 3 percent in the developing and developed
world, respectively (Table 8.11).
Both NIER and LINV-HIER show significant increases in world cereal prices
compared with BAU (Table 8.12). Under NIER, in which the small increase in
effective rainfall use under BAU is eliminated, world prices increase by 5 percent
for rice, 15 percent for wheat, 13 for maize, and 20 percent for other grains com-
pared with their BAU equivalents. Under LINV-HRF—with a strategy of offset-
ting the reduction in irrigation investment by investing in rainfed area development
and increased yield—world prices are lower than under BAU for all cereal crops,
with a small decline for rice (1 percent) and a larger decline for other cereals (6–11
percent). World prices for rice, wheat and maize under LINV-HIER are higher than
those under BAU, with an especially large 17 percent increase for rice.
SUMMARY
As shown in the scenarios presented in this Chapter, a decline in investment in irri-
gation and water supply infrastructure reduces production growth and sharply
increases world cereal prices, causing negative impacts in low-income developing
countries. An important question facing the world is can we compensate the loss
of crop production from falling investment with increased rainfed crop production
if—as is expected—irrigation input is lower? Analysis in this chapter indicates great
potential for increasing rainfed production. 
Drops in irrigated area and yield under LINV resulted in decreased produc-
tion, which would lead to sharply increasing food prices, negatively impacting the
poor in developing countries. The LINV-HIER and LINV-HRF scenarios show the
importance of rainfed agriculture in attempting to offset irrigated production 
IRRIGATED AND RAINFED AGRICULTURE: OPTIONS FOR FOOD PRODUCTION GROWTH 195
losses by increasing rainfed production. While rainfed production did increase
under LINV-HIER, the level was not sufficient to fully counter the decline in irri-
gated production. Rainfed production under LINV-HRF was able to offset irrigated
production declines globally, but in certain regions where a large percentage of cere-
al area is irrigated, once again the rainfed production increase could not make up
the deficit.
These scenarios show that rainfed agriculture will continue to be important in
ensuring food production growth in the future. Combined with emerging insights
from the literature on rainfed agriculture, the results here point to a strategy for
investments and policy reform to enhance the contribution of rainfed agriculture.
Water harvesting has the potential to improve rainfed crop yields in some regions,
and could provide farmers with improved water availability (Bruins, Evenari, and
Nessler 1986) and increased soil fertility in some local and regional ecosystems, as
well as environmental benefits through reduced soil erosion. Nevertheless, despite
localized successes, broader farmer acceptance of water harvesting techniques has
been limited because of high implementation costs and greater short-term risk
from additional inputs and cash and labor requirements (Rosegrant et al. 2002;
Tabor 1995). Water harvesting initiatives frequently suffer from lack of hydrologi-
cal data, insufficient planning regarding important social and economic consider-
ations, and the absence of a long-term government strategy to ensure the
sustainability of interventions. Greater farmer involvement at the planning stages
for maintenance and data collection, and provision of appropriate educational and
extension support could help expand the contribution of water harvesting (Oweis,
Hachum and Kijne 1999).
The rate of investment in crop breeding targeted to rainfed environments is cru-
cial to future cereal yield growth. Strong progress has been made in breeding for
enhanced crop yields in rainfed areas, even in the more marginal rainfed environ-
ments (Byerlee, Heisey and Pingali 1999; Lantican and Pingali 2002). The con-
tinued application of conventional breeding and the recent developments in
nonconventional breeding offer considerable potential for improving cereal yield
growth in rainfed environments. Cereal yield growth in rainfed areas could be fur-
ther improved by extending research both downstream to farmers (Ceccarelli,
Grando, and Booth 1996) and upstream to the use of tools derived from biotech-
nology to assist conventional breeding, and, if concerns over risks can be solved, from
the use of transgenic breeding. 
Crop research targeted to rainfed areas should be accompanied by increased
investment in rural infrastructure and policies to close the gap between potential
yields in rainfed areas and the actual yields achieved by farmers. Important policies
include higher priority for rainfed areas in agricultural extension services and access
to markets, credit, and input supplies (Rosegrant and Hazell 2000). Successful
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development of rainfed areas is likely to be more complex than in high-potential
irrigated areas because of their relative lack of access to infrastructure and markets,
and their more difficult and variable agroclimatic environments. Investment, poli-
cy reform, and transfer of technology to rainfed areas, such as water harvesting, will
therefore require stronger partnerships between agricultural researchers, local organ-
izations, farmers, community leaders, NGOs, national policymakers, and donors
(Rosegrant and Hazell 2000). Progress in rainfed agriculture may also be slower than
in the early Green Revolution because new approaches will need to be developed
for specific environments and tested on a small scale before wide dissemination, but
as shown here, enhanced rainfed crop production growth would be an important
source of water savings. 
